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A B S T R A C T

The p ro g ress of the  M a n u f a c t u r i n g M e t h o d s  an d Tec hn o l o gy

Proqram for Miniature Hi gh Voltage Multiplier M odules is

descri bed in this Third Quarterly Report.

Rectan gular multipliers with various version s of capacitor

banks and rectifier -substrate assemblies were fabricated

a n d  teste d . Curved ca pacitor banks were evaluated.
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P U R P O S E

This Contract covers component designs , mounting and inter-

connection techni ques , tool i ng an d t e s t  m e t h o d s  and  o t h e r

manufactur ing methods and techn iques requi red for product ion

of rectan gular and curved miniature hig h volta ge multiplier

modules. These units are to be used in low cost power

supp lies for second generation image intensifier tubes.

The full sco pe and details of the specification are given

in SCS-495 , Appendix A to the First Quarterly Report.

Major  m i l es tones  in th is  program c o n s i s t  of d e l i v e r y  of

the fo l l ow ing  i tems:

(1) First and second en gineering samples and test data.

(2) Production line layout an d schedule .

(3) Conf i rmatory samples and tes t  data.

(4) Product ion l ine set-up.

(5)  Pi lot  product ion run.

(6 ) Prod uction rate demonstration .

(7) Preparat ion and pub l i ca t ion  of a f ina l  report .

The general approach is to design and set -u p a c o s t - e f f e c t i v e

product ion capab i l i t y ,  u t i l i z i ng  a l ready e s t a b l i s h e d  dev ice

technolog ies and materials , and to demonst ra te  the product ion

line canabil ity to fabricate at the rate of 125 acceptable

units per 40 hour week .
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G L O S S A R Y  OF S P E C I A L  T E R M S

Cap ac itor bank: - Ceramic wafer with meta fl izations which

per form the f unc t i on  of a number of

ca pacitors connected in parallel (parallel

bank) or in series (series capacitor bank).

Cure: — To change the physical properties of a

m a t e r i a l  by chemical reaction or by t h e

a c t i o n  of hea t an d c a t a l y s t .

F l a s h  te~ — Test consi ;ti ng of instantaneous app l i c a t i o n

of v o l t a ge at i ts  s p e c i f i e d  v a l u e  to the

part.

Hybrid: — Technolo ny combining thick-films (capacito r

banks) with discrete devices (rectifiers).

Multi p lier - Device consisting of  capac itor banks and
m o d u l e s :

rect ifiers connected and packaged to perform

voltaqe mul tip lication and rectification.

Pad: — The metal l ized area on the ceram ic bank

acting as a p l a t e  of  a ca p ac it or and

used to make an electrical connection to it.

Rect ifier: - Semiconductor device with one or more p -n

junc tions connected in series.

V
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Rec tifier - - A substrate with rectifiers placed
s u b s t r a t e
as s em b l y : an d s e c u r e d ~,ith in it.

S u b s t r a t e :  — Par t  of a m u l t i p l i e r  modu le  c o n s i s t i n g

of a piece of insulating mat erial

mach i ne d to accommoda te t h e rect i f i ers

and suprort the capacito r banks.
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L i S T  OF S Y M B O L S  A N D  A B B R E V I A T I O N S

ic - charging current (pA)

— measured capacitance (pF)

D.F. - d issipation factor (%j

f - frequency (KHz)

C~ — input capacitance (pF)

— load current (nA)

y r - r ipple vo l ta ge  ( V )

V B - breakdown vo l tage  ( V )

Vj - input voltage (Vp-p)

V 0 — output vo l t age  (V d .c . )

n - e f f i c iency  ( % )

v i i
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1 . I N T R O D U C T i ON

This reoort c’escribes briefly the progress made during

the ner iod  f rom 1 January  to 31 M a r c h 19 77.

In the i n i t ia l  e f f o r t  on t h i s  p rog ram , d e s c r i b e d  in

the First fluarterly Repo rt , it was possible to establish

c a p a c i t o r  pad d e s i g n  tha t  w o u l d  reduce s t r a y  c a p a c i t a n c e .

M a n u fac ture  o f prototype substrates assemblies demon-

strated the unsuitability of the ori g i n a l l y proposed

d e s i o n  rega rd inq  d iode  p e l l e t  a s s e m b l y and the c c n —

niexity of ji qq inq required in the assembl y oper tion.

A new s u b s t r a t e  d e s i g n  was  p r o p o s e d .  A l l  e f f o r t  is

on the r ec tangu la r  mu l t i p l i e r  and once the ma jo r  p rob lem

a r e a s  a re  i d e n t i f i ed an d r e s o l v e d , e v a l u a ti on of th e

c u r v e d  m u l tip l i er com p o n e n t s  wi l l  p rocee d .

In the Second Quarterl y Report results of the electrical

evaluation of the first p rototype samp l e  b a tch of ca p ac i to r s

were given , t h e c h o i c e  of the rec t if i er w as ma d e

and electr ical test results were nrese nted on the first

b a t c h  of m u l t ip lier fabricated with TSK 25-250 and 15K

25— 2 51 capacitor banks and standard four— junction

rect ifiers.

1 
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2 . DESIGN AND C ’ - I ARACTER IZAT I ON OF THE
R E C T A N GU L A R  M U L T I P L I E R S

The mul t ip l ie r  des ign  ado pted to meet th is  program ’ s

snec i f i ca t i ons  was descr i bed  in the First Quarterly

Re port.

Current work was concen t ra t ed  on the o p t i m i z a t i o n  of

i n d i v i d u a l  c o m p o n e n t s  of the  m u l t i p l i er :  t he ca p a c i t o r s ,

subst ra te , and r ec t i f i e r s , and on evaluatin g the rect-

an gular multi p liers fa bricated with these components.

Sam ples of the modified des i gn of TSK 25— 250 and TSK

25— 251 caoacitors with dum b-bell pads and of the newer

des i gn capacitors were received on 20 January 1977.

The quant ities received were:

TSK 25— 250 19 pcs.

TSK 25— 251 16 pcs.

TSK 25—252 12 pcs.

TSK 25—253 19 pcs.

15K 25-254 8 pcs.

TSK 25— 255 15 pcs.

Desi gn d r awin gs  of these ca pac i t o r  banks were inc luded

in the previous quarterly report. The electrical eval-

uat ion was done and representative results are qiven in

Tables  1 to 3.

2 
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A ba t c h  of 500 , three—junction rectifiers was manu-

f a c t u r e d  f o r  use  in  p ro toty pe m u l t i p l i ers  and  to

determine the yiel d levels that can be expected in

large volume manufac ture. An overall y ield of 70%

from assem bly throug h test ing at 3KV peak reverse

volta ge was achieve d.

H Three multi p l i ers were  a s s e m b l e d us i ng th e or i g i n a l

desi gn capacitors and rectifier substrates. One unit

(#5) was found to be ele ctrically defective after

assem bly (open circuit). Lead — pull tests were carried

ou t on t h at  un i t , in accordance with metho d 211 of

M IL—S TD- 202 as required in Test Specifications SCS-

495 section 3.2.2.i. W i t h  t he  m u l t ip lier bod y held in

a fixed position a force was app lied to each of the

two 0.020” silver lea ds bonded to the substrate with

EPO -TEK 410 electrically con ductive epoxy. Both wires

passed the 10 lb pull force test. They broke , one a t

11 and the other at 12 l b p u ll force. These tests

exceed with a large mar g in the 0.25 lb pull force re-

quirement of SCS-495 . The rema in ing two good units

(#6 and #7) were tested for efficiency ratings at no

load and under loa d. In addition the units were subjected

to an operational test in free air to determine at what

voltages corona and arc ing occurred. For tes t r e s u l t s

see Ta ble 4.

— 3 -
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Twelve su bstrates were assembled using three -junction

rectif iers and 0.060 inches thick glass - filled board ,

type G— 1O supplied by Ware house P l a s t i c s , T o r o n t o , O n t .

Some su bstrates were made from the machinable glass -

c e r a m i c  ( M a c o r , Co de 96581 of Corning Glass) to determine

I 
the feasibility :Df usina it as an alternative to g lass —

epoxy. The mach inable ceramic was found difficult to

work wi th and some 5O’~ of t h e su b s t r a t e s  b r o k e  d u r i n g

the various machin ing operations.

Fourteen multi p l iers of the rectangular design were

assembled includ ing:

A) 8 with orig i n a l  des i gn capacitors (TSK 25—250

an d TSK 25-251) and rectifier -su bstrate assemblies;

B) 2 with TSK 25— 254 and TSK 25— 255 capacitors and

m a c h i n a b le  g lass — ceram ic (Corning Code 9658)

rectifier -substra te assemblies;

C) 4 with TSK 25-252 and 15K 25-253 capacitors and

ori ginal gl a ss—e poxy rectifier -substrate assemblies.

The results of the evaluat ion of these mul t i p l i e r s  are

summarize d in Tables 5 and 6.

The followin g is an anal y sis of the test data on the

finished mult ip liers with respect to the spec i fic a t 4 ons

of this contract:

4
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Des i gn A (Capacitors ISK 25-250 and ISK 2 5 - 2 5 1  w i t h  a

su bstrate of glass -epoxy board).

2 .1 E l e c t r i c a l l y  a l l  un i t s  are almost identical.

The y all have a calculated efficiency (by definition:

Output voltage divided by AC input and the number

of stages) of 97% at no load and 96% at full load

of 500nA , which is much better than the required 85’~.

j  2.2 Load  re g u l a t i o n  can  b e d ef i ne d as t he ra ti o of t he

change in output voltage to the no—load output

volta ge. Design “ A ”  h a s  a L~V of 50 V from no load

to f u l l  l o a d , g ivin g it a load regulation of 0.9%.

A l t e r n a t e l y, one coul d ex p r e s s  t he f u l l  l o a d

vol tage as a percentage of no-load output for

th is calculation 99% is obtained , w hich is excellent.

2.3 The over-volta ge test was conducted at 150% of

in put voltage (i.e. 1500 Vpp), although , s i nce t he

ef f i c i enc y was g r e a t e r  t h a n  88%, th e re d uced l e v e l

of 130% of input voltage could have been used.

An efficienc y of 96% was maintained at this level

an d there was no evidence of arcing or breakdown.

2.4 The test in air is not a requirement but it was

interesting to determine at what level the mu lti-

plier could run before an “arc-over ” w o u l d i n-

validate the test. The average output was 3525

v o l t s , but one unit had an exceptionally l o w  f i gure

of 1600 volts.

5 
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2 .5 The input capacitance of the m u l t i p l i e r s  was tested

with each uni t in Fluorinert FC-43 and w i t h  an

input of l000Vpp. O f the 5 o i eces  te s t e d the ma xi mum

Cx was  5.8 pF which is w i t h i n  the specified maximum

of 8 pF .

2.6 The charging current of the mu l t i p l i e r s  was measured

also , Of 5 tested , 4 had values of l2OpA and one

was  25O pA. Since the specification l i m i t  is 150~jA ,

th i s l a s t  p iece would be a reject on that criterion .

2 .7 The maximum wei ght of the m u l t i p l i e r s  was  measured

to be 1. 6 grams w h i c h  is we ll w i t h i n  the l im i t  of

5 a. , althou gh some allowance has to be made for the

f a c t  t h a t  t hey  h a v e  not been enca p su la ted or c o a t e d

yet an d this material will add to the final tall y.

2.8 The initi a l  desi gn of the multipliers put lim i t s

on the mechanical dimensions of .525” and .255” for

l 9n qth and width respectively; and limits of .042”

and .039” for the thickness of ca pacitors and sub-

s t r a t e s , resoect ively. Thus the final m u l t i p l i er

(before encapsulatin g or coating) was designed to

be .525” x .255” x .1 23” . S i nce  t h e  s p ec i f i ca t i on

g ave d im e ns ions  of .60” x .33 ”  x .15” , there were
1

t h e o r e t i c a l m a r q i n s  of .075’ x . 075” x .027” on t h e

len gth , w id t h an d t hi c k n e s s  w h i c h w o u l d  b e a l l o t t e d

for the e n c a p s u l a t i o n / c o a t i n a .  On the 8 m u l t i p l i e r s

6 



of desi gn “ A ” , the mechan ical measurements were

.529” x .256” x .148” max imum (without including

the lea ds or soldering) which was already .020”

over t he desired thickness dimension. When one

i nc ludes  the leads  and the so lder  connec t i ons  the

t h i c k n e s s  of the part i nc reases  to a maximum of

.182” wh i ch  is .060” over the desired dimension.

Desi g n 13 ( C a p a c i t o r s  TS K 25 -25 4  and TSK 25— 255 with a

g l a s s — c e r a m i c  s u b s t r a t e ) .

2 .9 E l e c t r i c a l l y ,  bo th  multip l i ers  ex h i bi te d l o w  out-

put voltage , high input current and a high rip ple

volta ge and so no electrical measurements could be

taken. An examina tion of the unit’ ; on a curve tracer

showed a low forwar d volt drop along the di ode chain

(e.g. 16 V compared to no rmal value of 25 V) indicat-

in g a short of several rectifiers in each package.

Further analys is will be required to determine the

e x a c t  n a t u r e  of t he  f a u l t.

2.10 Mechanically, the  m u l t ip l i ers  a re  s i m i l a r  to t he

u n i t s  04 d es i g n “A ” (see Para 2.8 above).

Des ign C (Capacitors TSK 25—252 and TSK 25-253 with a

glass-e poxy board substrate).

2.11 Out of four units , one p iece exhibited all the same

output manifestations of the “B ” design multip liers ,

7 
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i .e.  low Output  v o l t a g e , high input  cu r ren t  and

high ripple volta n e. The other three units were

acce p ta b l e  el ec t r i c a l l y but the output was lower

than for the desi gn “A” m u l t ip l i e r s .  T h e m u l t i-

p l ier efficiency (as defined in Para 2.1) was 94%

at no loa d and 93% at full load of SOOnA .

2.12 The load re gula tion was 0.9% (i.e. the output at

full load is 99% of the no-load voltage).

2.13 The overvolta ge test (conducted at 150% of input

volta ge) was satisfactory and showed a no -load

efficienc y of 96% on the output.

2 .14 The t es t  in a i r  s t a r t e d “arc ing ” or “breaking down ”

at 3200 V min imum.

2.15 The input c a p a c i t y  was  s l i g h t ly  h igher than Des ign

“/\ “ at 5.9 pF (maximum) but this is still within

s pe c i f i c a t i o n  l im i t s .

2.16 The char gin g current was the same on all 3 units

at l2OpA which is acce ptable.

2 . 1 7  M e c h a n i c a l l y  t h e s e  m u l t ip l i er s a re  s i m i l a r  to

those of the other two designs in all dimensions.

___ _ _



3. EVALUATIO N OF THE CURVED
C A P A C I T O R  B A N K S

Twen ty— four p ieces of the TSK 25-249 (Fig. 1) curved

ca pacitors with dum b -bell pads were received on March 8.

The y were mechanicall y inspected , with pad dimensions and

location measured on 2 pieces. Electrical tests of

capac itance at no bias and of the breakdown character-

isti cs were performed on 4 samples . The ca pacitance

measured in this tes t was that between the whole dumb-

bell pad and the bottom electrode. It was equ ivalent to

the sum of the ca pacitances of 2 capacitors in a multi-

p lier sta ge , i n c r e a s e d  by the stray capacitance of the

interconnection and was much hi gher than the theoretical

sinole oad ’ s ca pacitance of 20 pF . The results of

mechan ical and electrical tests are presented in Tables

7 and 8.

The avera ge double —p ad capacitance was 73. 9 p F a t  6KV ,

which is 46% higher than the average double — pad capaci-

tance of TSK 25-250 ca pacitors (50.6 pE). This differ-

ence should cause no problems. To b e no ted  i s the  con-

sistenc y of capacitance values from pad to pad and cap-

acitor to ca pacitor .

The breakdown characteristics were just satisfactory:

onl y one pad in 24 on the 4 capacitors tested broke down

be l o w  7 .8KV (n-5), but many more did not pass 9KV test-

Ing as is evidenced on the test data sheet .
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4. CONCLUSIONS

Out of the 3 designs , desiqn “A” is the best approach

at this time provided that the thickness of the part

can be d ecreased . I t  i s  t h o u ght  t h a t  d e s i g n  “C” can  be

discarded at this time; there is no apparent improvement

over desi gn “A ” on breakdown voltage and the capacitor

is unnecessarily com plicated. F i n a l  jud gemen t  on d e s i g n

“B” will be withheld until more units can be assembled and

evaluated.

The difficulty of handling the material , low yields and

considerabl y higher price do not justify chang i n g  to

glass -ceramic at this point of time .

in
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5. PRO GRAM FOR NEXT OUARTE P .

1. Ana lyse  the mode of f a i l u r e  of Des i g n  B rec tangu la r

m u l t i p l i ers , fa bricate and evaluate new units.

2. Decide on the final design of rectangular capacitor

banks.

3. Fa bricate and evaluate curved multipliers.

4. Invest igate suitable encapsulation materials and

techniques.

5. Investi gate means to reduce the thickness of rect—

angular multi pliers.

6. Manufacture the First En gineering Sample of ~5 e a c h

r e c t a n gu l a r  and  c u r v ed m u l t ip l i e r s .

11
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6. PUBLI CATI ONS AND R EP ORT S

No reports or pu blications were made on the work

associated with this program during the current

quarter .

12 
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7. IDEN TIFICATION OF PERSO NN EL

A brief descri pti on of the background of technical

nersonnel involved is included in the First and

Second nuarterl y Reports. Background of personnel

added to the pro gram dur ing  the t h i r d  quar te r  f o l l o w s .

On March 25 , A . Kennedy left the employ of Erie

Technolo g ical Products of Canada , and was replaced by

Dr . ~1ichae l Korwin — P aw l owski as Program Manager on this

contract.

Durino the second quar te r  of the program the f o l l o w i n g

persons worked  in the i r  area of r e s p o n s i b i l i t y :

HRS.
INDIVIDUAL RESPONSIBILITY SPENT

A. Kennedy Program Manager 447
(until 25 March 1977)

Dr. M . Korwin — Paw lowski Program Manager 50
(since 25 March 1977)

~~ . Gordon Senior Electronic Engineer 54

D. Platt Manager , Quality Assurance 8
and Control

P. Archard  Senior  Test  Tec hnician 30

C. Grills Senior En gineering Technician 53

U. Reqan Senior En gin eering Technician 8

F . Treverton Senior Test Technician 12

13
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M . L .  K O RW JN - PA WLOWSK I En gineering Manager - Semiconductor
D e v i c e s

PROG RAM RESPONS i BILIT Y : Program M anaqe r (since 25 March 1977)

CURRENT ASSIG NME N TS:

R e s p o n s i b l e  for a l l  en g inee r i ng  progra r i s in the Hig h V o l t a g e
Silicon Rectifier area. Since j oining Erie in 1974 he has
been res p onsible for process and new product development.
Developed and put into production the following new products:

— controlled avalanche rectifiers for TV tri plers and
CR 1 nower s u p p l i e s .

— controlled avalanche rectifiers for TV diode s p l i t
transformers.

- microwave ov€ n rectifiers.

— X -Ray power sup p ly rectifiers.

— low l e a k a g e  r e c t i f i e r s  for Second Gene ra t i on  ima ge
intens ifier tube su pp lies .

For the 4½ years before joining Erie , Dr. Paw lowsk i was doing
research  on InSb device t~ chno log y (diffused p-n junction ,
MOS and Sch ottky—barr ier devices) at the University of Waterloo.
He taught e lec t ron i c c ir cu i ts , comnuter programming and numerical
methods there. Prior to that he worked for 7 years in a
technical R&D institute develo ping semiconductor devices (switch-
ing diodes , power rectifiers and thyristors , photodetectors).
He was the leader of develo pment projects on Sch ott ky-Barrier
Diodes and h igh -frequency surface — barrier photodetectors.

Received in 1969 the Prime Minister of Poland ’ s Off i ce Co mmi t tee
for Science and Tec hno lon y Award for developing the Schott ky-
Barrier Diode technology.

Author of 12 original p apers , 3 review papers. Holds 3 patents.
Translated 2 technical books.

Member of the Association of Professional Engineers of Ontario.

14
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A CADEMIC  AND P R O F E S S I O N A L  BACKG ROUND

Ph. D - Electrical Engineering, Un i v e r s ity of  Wa te r l o o , 1974.

M .Sc — E l e c t r o n i c s , W a r s a w  T e c h n i c a l  U n i v e r s i t y ,  1963.

Oct 1974 - W i t h  E r ie  T e c h n o l o g i ca l  P roduc ts  of C a n a d a ,
to d a te  Tr en ton , On tar i o .

Mar  1977 - En qi nee r i n g Mana ger - Sem i con d uc tor
to date Devices

Oc t 1974 - Senior Development Eng i n e e r  - Sem iconduc to r
to D e v i c e s

Mar 1977

Nov 1969 - Un i v e r s i ty of W a t e r l o o , W a t e r l o o , On ta r i o ,
to Gra duate Research Assistant and Teach ing F e l l o w .

Se pt 1974

Jan 1963 - Institute of Electron Technolo gy, W a r s a w , Poland
to Develo pment Eng ineer - Project Leader.

Oct 1969

15 —
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C .M . G RILLS Sen i or  En gi n e e r i n g Technician

PR OGRAM RESPONS IBILITY

Produc t i on  of s u b s t r a t e  for v o l t a g e  m u l t i p l i e r  m o d u l e s  and
manufacture of jig s and fixtures requ ired for Production use.

CUR R ENT A S S I G N ~-1E~ T

Manu fac ture or mo d if i ca t ion o f ma ter ia l an d com p on ent s for
use by Hi g h Voltage Engineerin g and Production Departn ents.
Manufacture or modification of tooling, jigs and fixtures
for use by High Voltage Production Departments.

A C A D E M I C  AND P R O F E S S I O N A L  BACKGROUND

1962 Com p leted 4 year S.T. &T course a t Moira
Secon d ar y Sc h ool

1966 Certified Machinist by Onta rio Dept. of Labour

1970-nresent Empl oyed as Senior Engi neering Technician by
Er ie Technolo g ical Products of Canada Ltd.

1970 M achin ist , Canadian Flight En uipment , Trenton
Ontar i o

1967-1970 Machinist , Er i e T e c h n o l o ai ca l  Pro d u c t s  o f
Canada Ltd., Tr en ton , On tar i o

196 6—1967  M a c h i n i s t , C a n a d i a n  F l ig h t  Eq u ipmen t , T r e n t o n ,
On t a r i o

1962— 1966 Aop re ntice , Bata Engineering, Ba t aw a , On ta r i o

I
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CHA P .ACTEP IST ICS OF A TSK 25-?50 CAP AC ITO~ LA N K  SAMPLE

View from Ton View from Bottom

- B o t t o m  rad ( C r o u n d e d )

C x 1) F C~ 
L E A K A G E

PAt) P no bias 0 6kV C U R R E N T  v s FLA SH -

— 

(pE ) ( % )  (pF) (nA) (kV) N 9kV

A 79.4 0.41 55 .6 2 .5 8.0 N .A .

8 86 .6 0 .90 60 .6 4 . 5  P A S S  F A I L

C 53 .1 0.26 37 .2 2. 5 P A S S  P A S S

0 53 .6 0. 35 37 .5 3. 2 P A S S  P A S S

E 8 .0 0 .32 60 .2 6.0 P A S S  F A ! L

F 75 .2 0 .36 52 .6 3. 5 9 .0 N .A .

T A B L E  I

I ~
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CHARACTERISTIC S OF A TSr 25-253 CAPACITOR BANK SAMPL E

V i e w  f rom To~ V i e w  f r o m  B o t t o m

P C F
_ 1f l

~~~

L J
D I_ _

I ( ~~~ 1 
_ _ _ _ _ _

A B c 
_ _ _ _ _ _ _ _ _ _ _

Bot tom Pad ( G r o u n d e d )

L E A K A G E
C~ D. F . C x C U R R E N T V 8 FLAS H-

PAD P no b i as  0 6 k V  ~ 6kv TEST
(pF) ( % )  (pF) (nA ) (kV) 0 9kV

A 40 .3  0 .37 28. 2 2 .5 P A S S  P A S S

8 65.2 (1 .32 45.6 5.0 PAS S F A I L

C 61. 4 0 .24  43.0 4.0 PASS PASS

0 66.3 0.49 46.4 12 .0 PASS PASS

E 64 .9 0 .32 45 .4 12. 0 P A S S  P A S S

F 53 .9 0.21 37.7 5.5 P A S S  PASS

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  I _ _ _ _  _ _ _ _

T A B L E  2

10
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CHA RACTE P IST ICS OF A TSK 25-255 CAPACIT OP BA N K SAM °LE

View from Top View from Lottom

D F F 
_ _ _ _ _ _c~o c~o c=o -- -

O O = Dc 0  _ _

A B C 
_ _ _ _ _ _ _ _ _ _ _

Bottom Pad (Gro unded)

L E A K A G E
D.F . C x C U R R E N T  YB F LASH-

PA ~ P no b i a s  0 6kV  ~ 6 k V  T E S T
( p F)  (?‘~) ( p F )  ( n A )  ( k V )  @ 9 k V

A 34 .3 0.26 24.0 2 .8 PA SS P A S S

B 78 .4 0.31 54.9 4.0 PA SS F A I L

C 76 .4 0.28 53 .5 4.0 8.7 N .A .
1) 72 .8 0 .37 51 .0 4 .8 8. 4

F 80.3 0.34 56 .2 4.3 FJ\ SS PASS

F 72 .2 0.43 50 .5 10 .0 PASS PASS

T A B L E  3
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RESULTS OF O PE PA T IO N AL TESTS FOP RECT~ N GtJ L AP ‘~UL T I P L I L ~ S

UN IT ~F I U N IT  d7

V i IL V 0 Vo 1

(Vp—p ) (nA ) (kV ) (
~

) ( k . )  (
~~)

200 0 1. 17 97 .5 1 .14

500 0 2.92 27~~~3 2 .8° 96.3

800 0 4.65 96 .9 4.61 9 . 0

1000 0 5.75 95 .8 5.70 95.0

1000 500 5.70 95.0 5.65 94.2

NOTE: f 40KHz
Testina done in free—air , exce p t for
V j  = I000V when done in Fluorinert FC-43.

TABLE 4
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DIMENSIONS AND W E I G H T  OF RECTANGULAR MULT IPLIERS

DESIGN UNIT # LEN GTH WIDT H THICKNESS THICKNESS WL IGH T
(body ) ‘i n c l u d i n q

sol dered
lead )

(inch) (inch) (inch) (inch) (qram )

A 8 0.523 0.254 0.146 0.182 1. 51
9 0.521 0.253 0.144 0.170 1.58

10 0.521 0.251 0.148 0.171 1.60
11 0.529 0.253 0.143 0.172 1.57
12 0.526 0.252 0.143 0.177 1.51
13 0.522 0.252 0.141 0.166 1.58
14 0. 519 0.252 0.142 0.182 1. 59
15 0.517 0.256 0.147 0.182 1.63

B 16 0. 525 0. 25 3 0.133 0 . 163 1. 60
17 0. 524 0. 254 0 .142 0. 178 1. 61

C 18 0 .519 0 . 2 5 2  0 . 139  0 .163  1 .56
19 0 .518 0. 25 1 0 . 141  0 .178 1.58
20 0. 522 0 .25 5 0 .147 0 . 177  1. 58
21 0.520 0.252 0.143 0.172 1. 57

T A B L E  6
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MECHANICAL INSPECTION DATA FOR TSK 25-249 CAPACITOR BANKS

U N I T  1

PAD ~ 1 2 3 4 5 6

Dimens ions
in inches

A .052 6 .0519 .0516 .0524 .0528 .0532

B .0526 .0527 .0513 .0522 .05 21 .0530

C .0897 .0688 .0912 .0915 .0916

0 .0653 .0674 .0653 .0675 .0671

E .0471 .0417 .0447 .0430 .0427 .0429

F .0331 .0344 .0349 .0335 .0348 .0353

.1887 .1891 .1890 .1894 .1897 .1893

I-I .0227 .0215 .0228 .0212 .022 5 .0227

I .02 71 .0879

J .075 7 .0078

K .249 .251

L?’M OK

N .0410

P .0223
mm

NOTE: Radi us L (. 505R) and ang le  M (74 0
) checked  a g a i n s t

temp la te .
See Figure 2 for di mens ion ing .

TABLE 7 A

25



MECH ANICAL INSPECTION DATA FOR TSK 25-249 CAPACITOR BANKS

UNIT 2

PAD # 1 2 3 4 5 6

D i m e n s i o n s
in i n c h e s

A .0526 .0527 .0529 .0527 .0530 .0508

B .0536 .0537 .0525 .0532 .0531 .0529

C .0918 .0922 .0906 .0921 .0931

D .0650 .0672 .0645 .0672 .0662

E .0512 .0726 .0450 .0426 .0400 .0406

F .0229 .0266 .0296 .0328 .0110 .0402

G .1888 .1895 .1903 .1892 .1892 .1880

H .0220 .0221 .0226 .0220 .0228 .0230

I .0230 .0935

J .075 2 .0089

K .247 .250

L?~’-’ OK

N .041

P .02 2 2
mm

NOTE: Rad ius  L (. 505 R)  and ang le  M ( 74 ° ) checked  a g a i n s t
tem p la te .
See Fiqure 2 for dimens ionin g .

TABLE 7 8
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ELECTRI CAL TEST DATA FOR TSK 2 5 - 2 4 9

C U R V E D  C A P A C I T O R  B A N K  S A M P L E S

U N I T  PAD C x D . F .  C~ V B
@ 0kV 0 6kV

________ ________ — 

(pF ) 
— 

( % ) (p F) (kV)

1 105 .1 0 .37 7 3 . 6  9 .0
2 110.1 0.4 3 77 .1 9.0
3 109.4 0.41 76 .6 7.6
4 110 .1 0.37 77.1 9.0
5 110. 0 0.38 77.1 8.7
6 103.9 

— 

0.36 72.7 8.5

2 1 101.1 0 .38 70.8  9 .0
2 107.7 0.37 75.4 14. 3
3 107 .4 0 .37 75. 2 14 .0
4 1~ 8.9 0.44 76.2 9.0
5 110.4 0.40 77.3 9.0
6 103.8 0.40 72.7 13.4

3 1 98.8 0.33 69.2 12.4
2 106.0 0.33 74.2 13.4
3 104 .8 0 .35 73. 4 8. 8
4 105 .0 0.30 73.5 10.8
5 106. 7 0. 31 74 .7 9.0
6 100 .6 0.31 70.4 9.2

4 1 100.4 0.41 70.4 9.0
2 107. 3 0.38 75.2 9.0
3 105. 5 0.67 73.9 9.0
4 106. 6 0.4 1 74 .6 9.8
5 102 .8 0.41 72.0 7.3
6 101. 8 0.39 71. 3 8.6

Avera g e  105. 8 0 . 3 7  7 4 . 0  9 .9

T A B L E  8
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~ IST PI BU T IOF-1 LIST

A D D R E S S  C O P I E S

Director 3
Nia ht  V i s i o n  L a b o r a t o r y
U S I\ ECO M
ATT N : P P SEL — NV —S D
(M r H . F i n k e i s t e i n )
For t B e l v o i r , Vir g inia 22060

D i rec to r
ATT N : DRSEL— R [)-EV
(Mr.  Soo Young  S h i n )
Fort B e lv o i r , Virginia 22060

C omman d er
U . S . / \ rmv Production Equipment A gency
ATTN : A M XP E— ~ T
(~1r. C .E. Mc Burney )
Roc k I s l a n d , Illi n o i s  61201

ITT
E l e c t ron Tu be D i v i s i on
A ttention: t-ir . A. Hoover
Post  O f f i c e  Box 7 0 6 5
R o a n o k e , V i r g i n i a  24019

ti-Tec
FIi~~ht Vis ion Technolo gy Corporation
A ttention: Mr. Ferd Fender
7426  L inder  I’- venue
S k o k i e , Il l i n o i s  60076

RCA
!~a in  p l ant
Elec tronics Components Division
Attention: Fir. Richard M angen
r~ew Ho l l and  Avenue
L a n c a s t e r , P e n n s y l v a n i a 17 604

V a r o , Inco r po ra ted  2
A t t e n t i o n :  B. L i o k e
22 03 W a l n u t  S t ree t
Gar l and , T e x a s  75 040

Galileo Ele ctro Op tics Corporation 2
rtt ention: 3 . Zaqhi

~a l i l e o  P a r k
Sturbrid ge , ~-1 a s s a c h u s e t t s  01518
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AD DRE SS C O P I E S

Channel Products Incor porated 1
Itt ention: ~r. B. Be rlincount
F722 Park Circl e  [)rive , Wes t
Th~ir r ~r in  ~a 1 l s , O h i o

V e n u s  S c i e n t i f i c  1
7Y ~i’ n t i O f l :  Mr.  F. ~a 1 lu n p i
3~ ° Smith Street
r a r r n i nq i a l e , N. Y . 1173 5

L K Industries 1
1~t t e n t i o n :  Mr.  L. K a s t n e r
3579  “e r r i c k  Road
Sea~ ord , Long I s l a n d , New Y ork 11783

Gu l to ’ i  I n d u s t r i e s  1
r ’ i ez o  P r o d u c t s  D i v i s i o n
‘-~~te n tion : Mr. D. Herzf~ ld
Box 43 06
r ul l erton C a l i f o r n i a  02631

K ~
‘
. Electronics 1

:q Interstate Drive
West Sp rin g field , M assachuset t s 01089

f)e’e n s e  D o c u m e n ta t i o n  Ce n ter 12
1TT H : D D E — I R S
Cameron  S t a t i o n
B u i l d i ng  5
i\ lexa ndri a , Vi r g i n i a  22314

Ho neywell , Incor p orated 1
G overnm ’nt and A eronauticd l Products Di v i s i o n
C eramics Center
O o l d e n  ‘. a l l e v , ~‘innesota 5542.

Dir ~’ ito r  1
:a~~iona l  S e c u r i t y  A q e r c y
~TT N:  T DL
I’or~ G e o r n e  G. Meade , Ml ) 20755

0~ f i c p  of N a v a l  R e s e a r c h  I
C o d e  ‘ 2 7
t r l inqton , VA 2217

-
‘ ~ir 

F orce Avio nics Lab 1
)~TT N: IFAL/ DOT , S T I N F O
W right - Patterson AF B , OH 45433 
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A D D R E S S  C O P I E S

f l f c , A s s t  Sec of the Arm y (R&D) 1
A T T N :  A s s t  f o r  R e s e a r c h
Room 3 -E - 3 79 , The Penta g on
W a s h i n ot on , DC 20310

Comman ding General 1
U .S. Army Researc h ~ Development Command
-~\TTii: DRCMA -EE
50°l Eisenhower Blvd .
A le x a n d r i a , V A  2 2 2 3 3

CG , U .S. Arm y M issile Command 1
Re dstone Scientific Infor Ctr .
A T T N :  Ch ie f  Document Sec t .
Reds tone A r s e n a l , A L 35809

Rel i ab i l i t y  A n a l y s i s  Cen te r 1
RADC (RBRAC)
ATTN : LI. K r u l a c
Grif - fi s s AFB , New Yor k 13441

Commander 1
A g l in AFB
ATTN : CPT Baker
Va lp ariso , FL 32 542

D irector Night Vision Lab . 1
ECOM
ATTN:  D R S E L - M V - 1 1

Mr. Joseph Mar t i no
Ft .  B eiv o i r , V A  22060

Commander  1
A i r  Force A v i o n i c s  Lab AVTM
A TTN:  Dr. Rona ld Bel t
Wri g ht— Patterson AFB , OH 45433

B e l l  N or th ern R e s e a r c h  1
ATTN: Te. hn ical Librar y —

P0 Box 3511 , Station C
O t t awa , Ontario , Cana d a

A - 3
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A D D R E S S  COPI E S

F a i r c h i l d  Semiconduc to r  R e s e a r c h  & 1
Dev elonment Laboratory
A TTN: Dr. ~lam e s M. Early
4001 Mi randa A v e .
P a l o  Al to , CA 10504

General Electric 1
Research f~ Develo pment Center
A T T M :  Dr.  ~.J. T i e m a n n
schenectad y , N. Y . 12305

N a v a l  R e s e a r c h  La b . 1
4 TT N :  Pr. D a v i d  F . Barhe

(Code 5260)
4555 Overlook Ave.
Was hin gt on , D .C. 20375

M r .  W . H .  Do d son 1
Sandia Laboratories Div ., 2116

~l huquerque , 4-I .M . 87115

Dr.  Pa tr i ck J .  Va i l 1
A i r  Force Wea p ons  Lab .
Kir t land AFB , FLit . 87117

Carmine  J . S a l v o  1
Rome A ir Develo om ent Ctr.
Gr i f fi ss A F B , F L Y .  13441

Dr. Barr y Dunbridqe I
TRW Sys tems Group
O ne S nac e Par k
R ed on d o Beach , CA 90278

A F A L /TEA I
ATT M: Fritz Schuermever
~‘ri nht— Pa tt e rson 1\ F E3 , Ohio 54433

Naval Or dnance I.ah . 1
A T T N :  M r .  Frede r ic k , E. W a r n o c k
W h i t e  Oak , MA ?0910

Pr. H.A.~~. We o ener 1
So er r v  Rand Pe s e a r c h  Center
Su dhury , MJ\ 01776

~~~ 4la mes Doy le  1
Ge n e r a l  El ec t r i c De fens e
Elec tronics Dl v i sion
H t i c a , N . Y .  13503

A - I
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Mr. ~.B. ~‘ i c h ele t t i
E lec tronics Research Division
Roc kwell International
337(1 fl iral oma Avenue
A n a h e i m , CA 92B03

D r .  An d re w T i ck i
N i t ron  C o r n o r a ti on
10420 Bubb Road
Cu nertino , CA 95014

Commander
C ’A DC
A TT M: RBPJIIMr. J. Brauer
Gr i ff i ss A~ B , N .Y. 13441

D r .  Ge r a l d B. H e r z o g
Solid -State Tech~ olo ay Center
R CA David Sarnof f Research Ctr .
Pr i nce to n , l U.  08540

Dr. George F. Smith
B e l l  T e l e n h one  La bo r a t o r i es , Inc.
Room 24-3 23
M urra y H ill , N.J .  07974

D i r e c t o r
Defense Communications Agency
Technical Librar y Center
Code 205 (P. J \ .  Tolov i)
W a s h i n g t o n , D .C . 2 0 3 0 5

Institute of Defense Anal ysis
Arlin gton , VA 222 09

Dr. Gordon E. Moore
Intel Corporation
30 65 Bowers  Roa d
San ta  C l a r a , CA 959 5 1

Comman der
Harry D iamond Laboratories
ATT N : Mr. A .J .  Ba b a
2800 Powder Mill Road
A del p hi , 41D 20703
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A D D R E S S  C O P I E S

Naval Electronic La boratory Ctr.
AIIM: Mr . C.E. H o l l a n d , Jr. (Code 4300)
271 C a t a l i n a  B l v d .
San Diego , CA 92152

Mr. R . We rjl e in
Hughes Research Laboratories
3011 Mal i bu Can yon Road
M a l i b u , CA 09265

Snerrv Rand Resea rch  Center
100 N o r t h  Road
Su d b u r y ,  MA 01776
ATTN: Dr. H. Van  De V a a r t

Westin ghouse Electric Corp.
Research & Develo pment Center
Beu la h R o a d
P i t t s b u r g h , PA 15235

Stanford Research Institute
M e n l o  P a r k , CA 94025
A T T N :  Dr . A . B a h r

Cl), USA Forei gn Science Div .
ATTN: AMXST CE Divis ion
220 Seventh  St.  NE
Charlottesville , VA 2 2901

U .S. Arm y Research Office-Durham
4 T T N: C R O A R D — I P
Box CM , D u k e  S ta t i on
D u r h a m , N .C. 27706

U .S. Arm y Research Ofc-Durham
A TTN:  Dr . Rober t  J. Lon t z
Box CM , D u k e  Sta t i on
D u r h a m , N .C. 27706

USA Secur i ty  Agency
ATTN: lARD
Ar l ing ton Hal l  S t a t i o n , Bld g 420
Ar l i ng ton , V A 22212

D i r e c t o r
U .S . Army A d v M a t ~ C~ nce p t s Agency
ATT N :  A MXAM
W a s h i n g t o n , D .C . 20315
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A D D R E S S  CO PiES

Commanding Genera l
U. S . Army Resea rc h & Deve lopment Command
ATTN: DRCRD— R
50001 Eisenhower Blvd.
A lexandr ia , VA 22333

Commanding Genera l
U .S . Army M i s s i l e  Command
ATTN: DRSMI -RFG (Mr. N. B e l l )
Reds tone A r s e n a l , AL 35809

Commandin o Off icer
Harry Diamond Labora tor ie s
ATT N :  DRXDO-RCB (Mr . Nemar ic h )
Wash ington , D. C. 20438

Command ing Off icer
US A S a t e l l i t e  Comm Agency
ATTN : DRCPM -SC-3
Fort Monmouth , N.J.  0 7 703

U .S . A rmy L i a i s o n  O f f i c e
Mu —L incoln L a b , Room A-210
P.O . Box 73
Lex ington , MA 02173

C h i e f , Inte ll Mati Dev Office
Electronic Warfare La b , ECOM
Fort Hc’ lab i rd , MD 2 12 19

Commander
U .S. Arm y Electron 4cs Command 3
ATTN : DR SEL-PP —I—P I— 1
(Mr . Dav id B iser )
Fort Monmouth , N .J. 0-7703

Adv isory Gp on Elec t ron  De v ic es
201 Var i - c k St .  9th F lo or
New Yor k , N .Y. 10014

U .S. Army Ele c t r o n i c s  Com mand
Ch ie f- In tel l i gence  Mate r ia l  Development  O f f i ce
Electronic Warfare Laboratories
For t  H o l a b ird , M D 21219
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